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(54) APPARATUS FOR FORMING 
BOREHOLES 



(71) I, PAUL SCHMIDT, a German 
citizen , of Reinherstrasse, 5 940 
Lennestadt/Saalhausen, West Germany, do 
hereby declare the invention, for which I 

5 prav that a patent may be granted to me, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement:- 
This invention relates to apparatus for 

10 forming boreholes in the ground, the 
apparatus including a self-propelled dis- 
placement hammer having a tubular housing 
containing a percussion mechansim for driv- 
ing the housing forwards. 

15 Such self-propelled displacement ham- 
mers are used mainly for laying supply lines, 
such as water mains, electrical mains or 
telephone lines in the ground beneath roads 
or pavements, without it being necessary to 

20 excavate the road surface or tie pavement. 
As the displacement hammer, moves 
through the ground, it displaces the soil 
sideways and leaves behind, if the housing of 
of circular section, a circular duct into which 

25 tbe supply line is pulled either as the ham- 
mer advances or subsequently. The ducts 
formed in this way have both ends open and 
the hammer starts forming the duct from 
one end and leaves the duct from the other 

30 end. 

A method has already also been pro- 
posed, for the forming of substantially verti- 
cal boreholes in the ground, for ground 
anchors, soil grouting or injecting, well con- 

35 struction, drainage or other purposes, by the 
use of a displacement hammer which dis- 
places the soil sideways. In these boreholes, 
it is not only necessary to form the 
boreholes, which are blind holes, rapidly 

40 and accurately in the ground, but also sub- 
sequently to withdraw the displacement 
hammer from the borehole. 

The aim of the present invention is to 
provide apparatus for forming boreholes as 

45 described above, by means of which the 



forming of the borehole and the extraction 
of the displacement hammer from the 
borehole is possible in a simple manner. 

To this end, according to this invention, 
apparatus for forming a borehole in the 50 
ground comprises a self-propelled displace- 
ment hammer having a tubular housing con- 
taining a percussion mechanism for driving 
the housing forwards, a follow-up tube 
arranged to be attached to the jear end of 55 
the housing and a bracing cable device 
arranged to be mounted on the rear end of 
the follow-up tube for exerting onthe tube a 
forward force from a tension cable. The 
borehole is laterally supported by the 60 
follow-up rube as the hole is formed so that 
no soil can fall in. By means of the bracing 
cable device, the follow-up tube can be 
forced into the borehole and the apparatus 
is also constructed so that the hammer can 65 
be extracted out of the borehole through the 
follow-up tube. 

The bracing cable device preferably com- 
prises a cable guide sheave which is rotat- 
ably journalled on a bearing piece at the 70 
rear end of the tube, the tension cable which 
is arranged to extend over the sheave, 
means for fixing one end of the cable and a 
pulling device fixed to the other end of the 
cable for tensioning the cable to exert the 75 
forward force on the tube. By means of the 
pulling device, the tension cable is able to 
exert a coiripresive force upon the cable 
sheave and this force is transmitted to the 
follow-up tube and thus supports the drive 80 
movement from the hammer and makes 
possible an accurate borehole. 

In one advantageous embodiment of the 
invention, the bearing piece also carries a 
clamping device for clamping a pulling rope $5 
which, in operation of the apparatus has one 
end fixed in a rope pocket of the a cap fixed 
in the rear end of the housing and which 
extends through the follow-up tube to the 
clamping device. By means of the pulling 90 
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rope, the displacement hammer can be very 
easily pulled out to the ground surface 
through the follow-up tube, after the 
borehole has been completed. 

5 To enable an air hose leading to the dis- 
placement hammer for the supply of com- 
pressed air to be correctly conducted past 
the bracing cable device, the bearing piece is 
preferably mounted on a tubular part which 

10 is arranged to be fitted to the rear end of the 
follow-up tube, the bearing piece being in 
the form of a mounting arm extending rear- 
war dly from the tubular part. 
Preferably, the rope clamping device 

15 comprises levers pivoted on the bearing 
piece and extending parallel to one another 
and damping jaws pivotally mounted on the 
levers. The clamping device is constructed in 
such a manner that, when the pulling rope is 

20 pulled towards the displacement hammer, 
the device exerts a clamping action, whereas 
the clamping action is released when the 
rope is pulled in the other direction. Thus, 
the pulling rope serves firstly for connecting 

25 the follow-up tube to the displacement 
hammer and secondly for the extraction of 
the displacement hammer from the 
borehole. 

Two examples of apparatus in accordance 
30 with the invention will now be described 
with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is an exploded partly sectional 
side view of a first example comprising a 
35 displacement hammer with a follow-up tube 
arranged to be screwed to the hammer and 
to be closed by a plug; 

Figure 2 is a partly sectional side view of 
the apparatus of Figure 1 shown in a 
40 borehole and with a bracing rope device 
fixed to the rear end of the follow-up tube; 

Figure 3 is a view similar to Figure 2 but 
showing the apparatus in the course of being 
pulled out of the borehole; 
45 Figure 4 is a partly sectional side view of a 
second example having a follow-up tube of 
plastics material; and. 

Figure 5 is a view similar to Figure 3 but 
of the second example. 
50 Referring to Figure 1, a pneumatically 
operated self-propelled displacement ham- 
mer 1 comprisesa cylindrical housing 2 with 
a conical percussion tool 4 having cutting 
edges 3 disposed at its forward end, a cutting 
55 chisel 5 being inserted into the percussion 
tool. The housing 2 contains a 
pneumatically-operated percussion mechan- 
ism which acts on the tool 4 and propels the 
hammer 1 forwards. At the rear end of the 
60 housing 2. There is an annular flange 6, 
which is formed on a cap which is screwed 
into the housing 2 of the displacement 
hammer t. The external diameter of the 
annular flange 6 is larger than the external 
65 diameter of the cylindrical housing 2 so that 



the flange projects radially beyond the hous- 
ing. At the rear end, the housing 2 is sur- 
rounded by a widening sleeve 7 which is 
partly conical in external shape and has an ■ 
internal annular rebate 8 which forms an 70 
abutment shoulder 9, which bears against 
the annular flange 6. The diameter of the 
annular rebate 8 is slightly greater than the 
external diameter of the annular flange 6, so 
that the widening sleeve 7 can be pushed 75 
over the housing 2 from the front as far as 
the rear end of the housing 2, and 
sufficiently far for tlje shoulder 9 to come 
into engagement against the annular flange 
6. 80 

At its end remote from the housing 2, the 
widening sleeve 7 has an internal screw 
thread 11, into which a follow-up tube 13, 
which is provided at the adjacent end with 
an external thread 12, is screwed. The 85 
follow-up tube 13, which has a length for 
example of 2 m, is of steel and has at its end 
remote from the external thread 12, an 
internal screw thread 14 for the screwing in 
of further follow-up tubes if required or a 90 
plug 15 which has a bore 16. The external 
diameter of the widening sleeve 7 is slightly 
greater than the external diameter ofthe 
follow-up tube or tubes 13. The internal 
diameter of the follow-up tubes or tube 1 3 is 95 
slightly greater than the external diameter of 
the flange 6. In the region of the abutment 
shoulder 9, between the widening sleeve 7 
and the housing 2, there is also a sealing ring 
10, to prevent the ingress of water into the 100 
follow-up tube 13. 

As can be seen from Figure 2, the external 
diameter of the follow-up tube 13 is slightly 
smaller than the diameter of the bore hole 
17, formed by the widening sleeve of the 105 
displacement hammer 1. 

In Figure 2, the displacement hammer 1 is 
shown in the lower part of a borehole 17 
which has been formed by the hammer. In 
the annular flange 6, a rope pocket 18 is 110 
formed for the attachment of a pulling rope 
19, which leads to a pulling mechanism, not 
shown, by means of which the displacement 
hammer can be pulled back again to the 
ground surface through the follow-up tube 115 
13, after the borehole 17 has been formed. 

As can be seen from figure 2, a bracing 
cable device 21 is disposed at the rear end of 
the follow-up tube 13. This device com- 
prises a bearing piece 22, which itself com- 120 
prises a substantially cylindrical tubular part 
23, inserted into the rear end of the follow- 
up tube 13, and a rearwardly extending 
mounting arm 24. The mounting arm 24 
carries an axle 25 of a cable guide sheave 26, 125 
over which a tension cable 27 is guided. One 
end of the tension cable 27 is fixed at 28, 
while the other end of the tension cable 27 is 
connected to a pulling device 29. 

The mounting arm 24 also carries a 130 
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clamping device 31, equipped with a wing 
screw 30. The clamping device 31 comprises 
levers 32, 33 pivoted on the mounting arm 
24, and on which clamping jaws 34, 35 are 

5 pivoted. The pulling rope 19 is threaded 
between the clamping jaws 34, 35. The 
clamping device 31 is constructed in such a 
manner that, when a pull is exerted on the 
pulling rope 19 towards the displacement 

10 hammer 1, the rope is clamped, whereas 
when a pull occurs in the opposite direction 
there is no clamping action, as can be seen 
from Figure 3. Since it is possible for the 
clamping action of the clamping device 31 

15 to become loosened under the influence of 
vibration, the clamping device is provided 
with the wing screw 30, which when screwed 
up holds the jaws 34, 35 in their clamping 
position. 

20 The operation of the apparatus is as fol- 
lows*— 

To form the borehole 17, the widening 
sleeve 7 is first pushed over the housing 2 of 
the displacement hammer 1 from the front 
25 until its shoulder 9 abuts against the annular 
flange 6. Next, a follow-up tube 13 is 
screwed into the screw thread 11 of the 
widening sleeve 7 and then the entire 
apparatus is placed on the ground at the 
30 point in which the borehole is to be sunk. By 
operating the displacement hammer 1 bv 
compressed air, the hammer drives itself 
into the ground and pulls the follow-up tube 
13 after it. This tube 13 is additionally 
35 forced forwards by the action of the pulling 
device 29 acting through the tension cable 
27. In this manner the bore hole 17 is 
formed as shown in Figure 2, the pulling 
rope 19 which is attached to the annular 
40 flange 6, being guided through the clamping 
device 31. When the desired depth of the 
borehole 17 has been reached, toe pulling 
rope 19 is pulled upwards by the pulling 
mechanism, not shown, into the position 
45 shown in Figure 3, the displacement ham- 
mer 1 being pulled upwards inside the 
follow-up tube 13. 

If the borehole 17 is to be used as a grout- 
ing or injection borehole, then the borehole 
50 17 is filled with a hardening material, for 
example concrete. For forming a ground 
anchor, an anchor bar is inserted into the 
concrete. m 
In the example shown in Figures 4 and 5 
55 two follow-up tubes 13 are connected 
together, so that the overall length is 
increased. In this example, the follow-up 
tubes 13 are of plastics material. The use of 
plastics tubes as follow-up tubes 13 is desir- 
50 able in those cases where the borehole 17 is 
to be used for well construction or drainage 
purpose, since the follow-up tubes are not 
recovered, but remain in the borehole 17. 
At junction 36, the follow-up tubes 13 are 
55 fixed together by a sleeve 37, which sur- 



rounds the follow-up tubes 13 and is fixed to 
them by an adhesive. In the displacement 
hammer 1, an annular flange 6, formed on a 
cap, is provided with a rope pocket 18 for 
the pulung rope 19 as in the first example. 70 
The pulling rope 19 is guided back out of the 
rear follow-up tube 13 and through the 
clamping device 31, which is carried by the 
bearing piece 22 in the rear follow-up tube 
13. As can be seen from Figure 4, the for- 75 
ward end of the follow-up tube 13 nearest to 
the displacement hammer 1 is seated be- 
tween the annular flange 6 and the widening 
sleeve 7 which, in this example, has a rear- 
wardly extending, sleeve-like extension 38. 80 
The connection between the displacement 
hammer 1 and the follow-up tube 13 is 
effected by the pulling rope 19, which is 
firmly held in the clamping device 31. 

With the apparatus in accordance with the 85 
invention it is possible for boreholes to be 
formed in the ground in a very simple man- 
ner, without large and complicated drilling 
apparatus being necessary. 

WHAT I CLAIM IS:- 90 

1. Apparatus for forcing a borehole in 
the ground, the apparatus comprising a 
self-propelled displacement hammer having 
a tubular housing containing a percussion 
mechanism for driving the housing forwards, 95 
a foDow-up tube arranged to be attached to 

the rear end of the housing and a bracing 
cable device arranged to be mounted on the 
rear end of the follow-up tube for exerting 
on the tube a forward force from a tension 100 
cable. 

2. Apparatus according to claim 1, in 
which the bracing cable device comprises a 
cable guide sheave which is rotatably jour- 
nalled on a bearing piece at the rear end of 105 
the tube, the tension cable which is arranged 

to extend over the sheave, means for fixing 
one end of the cable and a pulling device 
fixed to theother end of the cable for ten- 
sioning the cable to exert the forward force no 
on the tube. 

3. Apparatus according to claim 2, in 
which the bearing piece also carries a clamp- 
ing device for clamping a pulling rope, 
which, in operation of the apparatus has one 1 15 
end fixed in a rope pocket of a cap fixed in 

the rear end 01 the housing and which 
extends through the follow-up tube to the 
clamping device. 

4. Apparatus according to claim 3, in J20 
which the bearing piece is mounted on a 
tubular part which is arranged to be fitted to 

the rear end of the follow-up tube, the bear- 
ing piece being in the form of a mounting 
arm extending rearwardly from the tubular 125 
part. 

5. Apparatus according to claim 3 or 4, 
in which the rope clamping device comprises 
levers pivoted on the bearing piece and 
extending parallel to one another and 130 
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clamping jaws pivotally mounted on the lev- 
ers. 

6. Apparatus according to claim 4 or . 
claim 5 when dependent on claim 4, in 

5 which a safety screw is provided on the tubu- 
lar part for holding the clamping device in a 
rope-clamping position. 

7. Apparatus according to any one of 
claims 3 to 6 in which the clamping device 

10 comprises levers pivoted on the bearing 
piece and extending parallel to mne another 
and clamping jaws pivotally mounted on the 
levers, the damping device being so con- 



structed that when the pulling rope is pulled 
towards the displacement hammer, the 15 
device exerts a damping action, whereas the 
clamping action is rfeased when the rope is 
pulled in the other direction. 

8. Apparatus according to claim 1, sub- 
stantially as described with reference to Fig- 20 
ure 1 to 3, or Figures 4 and 5 of the accom- 
panying drawings. 

GILL, JENNINGS & EVERY 
53/64 Chancery Lane 
LONDON WC2A 1HN 25 
Agents for the Applicant 



Printed for Her Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon. Surrey, 1978. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1 AY, from 
which copies may be obtained. 



1527343 COMPLETE SPECIFICATION 

ig is a re 
\al on a r 

Sheet 1 



2 SHEETS drawing Is a reproduction of 

the Original on a reduced scale 





BEST AVAILABLE COPY 



